The incidence of a variety of clinical and immunological features of an allergic state was studied at 7, 10, and 14 years of age in a group of children suffering from one of four grades of asthma, ranging from mild s-ibclinical to severe unremitting, and compared with the incidence in a control group of non-asthmatic children. The incidence of all features of allergy was significantly higher in the asthmatics but no one feature unequivocally distinguished the asthmatics from the controls. Almost all the asthmatics showed several features of the allergic state at 14 years of age. A cluster of allergic features was a differentiating characteristic of the asthmatics, and the children with the most allergic manifestations were usually the children with the most severe and persistent asthma. The first appearance of and subsequent variation in some of the allergic manifestations often did not correspond to the clinical course of the asthma.
Introduction
In this paper the term allergy refers to an altered immunological state of type I (immediate) hypersensitivity reaction (Gell and Coombs, 1968) . The recent isolation and identification of specific reaginic antibodies (IgE) in the serum of many asthmatic children has extended knowledge of the immunology of asthma (Ishizaka and Ishizaka, 1970) . Studies of mechanisms by which antigen-reaginic combinations may cause asthma and of the way these reactions can be blocked by disodium cromoglycate further point to the importance of an immunological disorder as a basic factor in asthma.
Type I hypersensitivity to common grass pollens and to the house-dust mite has been claimed as an important mechanism in childhood asthma, because the high levels of specific IgE antibodies in the serum of these children show significant correlations not only with prick and provocation tests with corresponding specific allergens but also with the clinical history (Stenuis et al., 1971) . But it is not clear whether all children with asthma have an underlying allergic disorder (Vries et al., 1964) . There are other well-known precipitating causes of asthmatic attacks such as emotional factors, viral infection, exercise, and other non-specific stimuli.
In an earlier report of this epidemiological study up to 10 years of age (Williams and McNicol, 1969 ) a comparison of the the incidence of a range of clinical and immunological features of allergy in children with "asthma" and children with "wheezy bronchitis" showed a similar pattern in each. This and other findings strongly suggested that the two conditions were different manifestations of the same disease. This paper compares the incidence of a range of clinical and immunological features of allergy in a representative sample of asthmatic and control children at 7, 10, and 14 years of age. It also compares the distribution of these allergic features among the asthmatic children in four groups graded according to the frequency and persistence of their asthma.
Subjects and Methods
The children studied were the asthmatic and control subjects of a longitudinal epidemiological study of asthma in Melbourne children described in the first of these three papers (McNicol and Williams, 1973a) . This also described the patterns of asthma in each of the four grades and the relative incidence of various features on which severity was assessed.
Hay fever was defined as episodes of itching or irritation of the nasal mucous membrane, with sneezing and increased nasal mucous secretion, either seasonal in character or provoked by exposure to specific allergens. It was graded +, + +, or + + + according to the frequency and severity of the attacks.
Eczema was defined as scaly, red, itchy lesions usually in flexural folds of the limbs or face and trunk. The condition was graded +-, + +, or + + + on the extent and duration of the lesions and whether there were constitutional symptoms.
Urticaria included hives; generalized, irregular weal-like lesions to angioneurotic oedema; serum sickness; or anaphylactic reactions and was graded +, + +, or + + + on the extent, frequency, and duration of the lesions and whether constitutional symptoms were present.
Skin Sensitivity Tests.-Standard scratch tests were done on the anterior aspect of the forearm with each of six standard allergen extracts and a control extract fluid at 7, 10, and 14 years of age, results being recorded as 0, +, + +, or + + +. The extracts used were three standard specific extracts-rye grass, house dust, and egg albumen (Commonwealth Serum Laboratories, Parkville, Victoria)-and three mixed extracts specially prepared by Commonwealth Serum Laboratories, which included most of the proteins commonly associated with clinical allergic manifestations in Melbourne children. The mixed grass pollens extract contained cocksfoot, rye, and Yorkshire fog grass pollen and capeweek, dock, and plantain pollens. The mixed inhalant extract included cat hair, house dust, kapok, linseed, orris root, and cladosporium allergens. The mixed food extract contained egg albumen, cows' milk, orange, and wheat flour allergens.
A subgroup of children in each grade were also tested with a number of specific allergens at the third examination at 14 years of age and the findings were compared with those of radioallergosorbent tests for each of the reagins specific for the allergens studied (Hogarth-Scott et al., 1973) .
Investigations of Eosinophil Responses.-At 7, 10, and 14 years the blood and a nasal smear were examined for eosinophils in all subjects. Blood eosinophil counts were expressed as an absolute count per mm3 and nasal eosinophils were reported on a fourpoint scale: (1) no eosinophils seen; (2) mild eosinophilialess than 5% of the cells seen; (3) moderate eosinophilia-5-20% of the cells seen; and (4) Serum IgE Assay.-Radioimmunosorbent tests for total serum IgE were carried out at 10 years of age on 37 of the control children and on 133 of the asthmatic children from the four grades (Hogarth-Scott et al., 1971 ) and at 14 years of age on 43 of the severely affected, predominantly grade D children (Hogarth-Scott et al., 1973) .
Results
The prevalence; natural history, including the age at onset; duration; and severity of hay fever, eczema, and urticaria in the four grades of asthmatic children and in the controls are summarized in tables I-III. The prevalence of hay fever in all grades of asthmatic children was significantly higher than in the controls, the highest frequency and most severe pattern being, found in grades C and D (table I). Symptoms of hay fever in all asthmatic grades usually began after the onset of wheezing, often many years after. Many children with mild episodic asthma 
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(grades A and B) had ceased to wheeze before they first developed hay fever. Hay fever, once developed, usually persisted unchanged or became more severe, to 14 years of age. Eczema, like hay fever, occurred in significantly more children with asthma than controls but, unlike the relation of hay fever to asthma, a significant correlation was found only with the more severe grades of asthma and the moderate and more severe grades of eczema. Eczema commonly began before 2 years of age and often cleared by 8 years. In grade D asthmatic children it usually developed before 6 months, initially was more severe, and often persisted to 14 years of age.
There was a significantly greater incidence of urticaria in each of the grades of asthma compared with the controls (table III) . Unlike the relations of hay fever and eczema to asthma the incidence of urticaria was similar in children in each grade of asthma. The more severe form of urticaria, however, tended to be in the more severely affected asthmatic children. The significant difference in the prevalence of urticaria in the asthmatic children compared with the controls was mainly due to the substantial difference in the prevalence of moderate and severe urticaria. Mild urticaria, mainly comprising simple hives of childhood, was relatively common in the control group.
SKIN SENSITIVITY
The proportion of children who reacted, and to what degree, to each of the three specific allergen extracts at 7, 10, and 14 years of age is shown in tables IV-VI. The proportion who reacted to any of the six standard extracts, including the three mixed extracts, at any stage of the study is shown in table VII. Asthmatic children of all grades were significantly more sensitive than the control children. Children with the more severe and persistent forms of asthma (grades C and D) reacted at an earlier age, more strongly, and to more specific allergens than the children with mild episodic asthma (grades A and B). Many children with milder asthma first reacted to allergens after their asthma had ceased or had substantially ameliorated (table VII) . The asthmatic children also showed skin sensitivity to inhalant allergens much more commonly than to ingested allergens. 
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18's, 8% (P <0 05) (P <0-001) (P <0°001) (P <0-001) IMMUNOLOGY The mean serum IgE level was higher in children in each of the asthmatic grades than in the controls at 10 years of age (table XII) . With the exception of the grade A mean level, which was much distorted by one abnormally high figure, the values were progressively higher in each grade. But, as with the eosinophil counts, there were wide variations and considerable overlap of each of the distributions with the control distribution.
Analysis of frequency distributions at 10 years of age showed that it was impossible to define a discriminant value of serum IgE which was present in most asthmatics and only rarely present in controls (table XIII). Only 55% of the grade D asthmatics had a serum IgE of above 200 ng/ml, the level in 11 % of controls, whereas almost all grade D asthmatics showed several other allergic manifestations. Two control children with no other evidence of allergy had a serum IgE of well above 500 ng/ml. The most notable finding in the present study was that the asthmatic children in all grades exhibited the manifestations of allergy that were looked for in a significantly greater degree than the controls (see chart), the difference being least in the mild and most marked in the severe grades. Almost all asthmatic children exhibited at least several clinical or laboratory features of the allergic state, and not one exhibited none. We therefore conclude that asthmatics up to 14 years of age have a common allergic immunological disorder as a distinguishing characteristic. The concepts of extrinsic (allergic) and intrinsic asthma and of "wheezy bronchitis" and asthma as separate, distinct entities of asthma in childhood cannot be substantiated. While no single manifestation of allergy unequivocally differentiated the asthmatic from the control children, one-half of the children who had mild and transient asthma and almost all of those with continuing asthma reacted to skin testing with commonly occuring antigens by 14 years of age, the children with more severe asthma reacting to a wider range of allergens.
Comparisons of skin sensitivity tests with radio allergosorbent (R.A.S.) tests, using the same specific allergens, were undertaken on a subgroup of children from the present study (Hogarth-Scott et al., 1973 While the histamine-binding capacity of the serum showed highly significant differences between each of the asthma grades and the control group this test did not clearly differentiate the asthmatic children from the controls. The claim by Parrot et al. (1964) (1966) showed that the bronchi of asthmatic subjects who had not had an attack of asthma for three to six years hyperreacted to the stress of exercise, and they suggested that an underlying factor intimately associated with asthma was still present. Blackhall (1970) also established that the bronchi of asthmatic patients who had not wheezed for many years, some for 20 years, were still hyperreactive to exercise. The degree of bronchial hyperractivity depended on the severity of the asthma and also on the time the subject had been free of attacks. Konig et al. (1972) showed that children who had had "wheezy bronchitis" but had been free of attacks for a number of years reacted in a similar way. Cade and Pain (1971) showed that bronchial hyperreactivity to the stimu--1l--1l--l-lus of inhaled methacholine and also non-allergic substances was probably a distinguishing characteristic between asthmatic and control populations.
The relation of bronchial hyperreactivity to allergy is not fully understood. Whether it occurs independently of allergy, is secondary to it, or is often associated with it is unknown. The evidence suggests that probably it is independent of allergy and that it may well be an associated basic disorder in all asthmatic children, the nature of which is at present unknown. In order to define the roles and relation of allergy and bronchial hyperreactivity in asthma a longitudinal population study will be necessary. asthma in children has been directed to the child's personality, parent-child interaction, parental attitudes to the child, and the relation of emotional disturbance to asthma. Asthmatic children have been reported to show a variety of the following characteristics: anxiety, immaturity, lack of self-confidence, dependency, latent aggression, depression, and egocentricity (Rogerson et al., 1935; Gunnarson, 1950; Mansmann, 1952; Creak and Stephens, 1958; Alcock, 1960) .
The most commonly accepted hypothesis is that central to the mother-child interaction is a dependency conflict, asthma being precipitated or aggravated by threat of separation (French and Alexander, 1941) . Studies of parental attitudes to asthmatic children have indicated a range of attitudes from rejection to over-protection. Miller and Baruch (1948) found that most of the mothers rejected their child. Rees (1956) and Pinkerton (1967) found over-protection more common, while some parents were ambivalent in their attitudes. Rees (1956) also found that a significantly higher number of asthmatic children had an unsatisfactory family life compared to a control group of normal children. There was less stability, security, warmth and affection, and encouragement.
Review of the literature indicates that knowledge of the emotional disturbances and their prevalence in asthmatic children is limited and that there are conflicting views over important questions. It is uncertain whether the disturbances are peculiar to asthma. There are also differences of opinion on whether emotional disturbance is an aetiological factor in asthma or whether it is a sequel.
The main reasons for these differing opinions and deficiencies in knowledge are the wide variations in the aims and methodology of the studies. Few have a sound epidemiological basis, too often the children studied have been from highly selected groups of asthmatics, controls have been lacking, and the clinical, physiological, and allergic state of the patients undefined. Comparisons are therefore impossible. Many have been critically reviewed (Freeman et al., 1964; Feingold et al., 1966) .
The present study aimed to determine (i) whether behavioural
